Protein synthesis in the cell involves particulate elements called ribosomes which translate the information coded as specific nucleotide sequences in messenger RNA molecules into amino acid sequences of proteins (Lambourg and Zamecnik, 1960) . Ribosomes are frequently found in the cell in the form of aggregates called polysomes. The ribosomes in a polysome are believed to be attached to a single messenger RNA molecule and simultaneously to translate the encoded information to give polypeptides with a specific amino acid sequence (Howell, Loeb, and Tomnkins, 1964) . The basic mechanisms of the control of protein synthesis at the level of translation are not well understood.
Polysomes can be observed by electron microscopy to exist in the cell in two distinctive forms -free polysomes, unattached to membranes and membrane-bound polysomes (Palade, 1955; Teng and Hamilton, 1967) . The membrane-polysome complex constitutes the 'rough' membranes of the endoplasmic reticulum. A variety of other membranes also occur in the cell, including 'smooth' endoplasmic reticulum, characterized by the absence of bound polysomes.
Accumulating evidence indicates that free and bound polysomes are probably involved in the biosynthesis of different classes of proteins (Siekevitz and Palade, 1960; Campbell, 1970) . For example, it is probable that proteins exported from the cell are biosynthesized by membrane-bound polysomes (Siekevitz and Palade, 1960) and this may also be true of other important classes of protein such as those whose biosynthesis is induced by steroid hormones (Cox and Mathias, 1969) . Clearly the control of the interaction of polysomes with membranes could be of profound importance in dictating the tissue-specific pattern of protein biosynthesis which characterizes the processes of differentiation and development. Indeed there are indications that the ratio of free to bound polysomes is a function of the hormonal status of the organism (Cox and Mathias, 1969; Rancourt and Litwack, 1968; Mills and Topper, 1969; Maggi, Steggles, and Gahan, 1970) . If chemical carcinogenesis is viewed as essentially an aberrant form of the processes of differentiation it is obviously important to investigate the effects of carcinogens on the interaction of membranes with polysomes.
The problem of investigating membrane-polysome interactions is considerably simplified by the fact that an enzyme present in the reticular membraneswhich we shall call the disulphide rearranging enzyme (or 'rearrangase')-has its activity masked when polysomes are bound to the membranes and its activity is fully exposed when the polysomes are removed. Thus the activity of 'rearrangase' provides a relatively simple means of measuring quantitatively polysome attachment to membranes in vitro. The enzyme is present in both 'rough' and 'smooth' membrane fractions, but the activity in rough membranes is zero and only appears when the polysomes are removed (Williams, Gurari, and Rabin, 1968) . 'Rearrangase' catalyses a complex reaction of disulphide exchange and is probably involved in the terminal stages of protein biosynthesis (Goldberger, Epstein, and Anfinson, 1963) .
Native bovine pancreatic ribonuclease contains four disulphide bonds. By reduction and reoxidation of the enzyme under denaturing conditions, it is possible to produce a protein in which the disulphide bonds are 'wrongly' paired and which is devoid ofany catalytic action. If this 'randomly oxidized' material is used as substrate, the activity of 'rearrangase' can be measured by following the appearance of ribonuclease activity since the membrane-bound 'rearrangase' catalyses the 're-shuffling' of the sulphurs of the wrongly folded protein to give the native structure (Goldberger et al, 1963) .
In fig 1 the specific activity of 'rearrangase' is plotted against the RNA/protein ratio of various membrane subfractions prepared by differential centrifugation techniques from male rat liver. Similar and parallel plots are obtained from other tissues of the rat Fig 1 The relationship between apparent disulphide interchange activity (arbitrary units) and the RNA/protein ratio, for microsomal fractions derivedfrom rat liver by differential centrifugation (assay methods as in Williams et al, 1968) . Fig 2 The binding ofpolysomes to 'polysome-depleted' membranes, monitored by the masking of disulphide interchange activity. Rough microsomal membranes were degranulated by EDTA (Williams et al, 1968; Williams and Rabin, 1969) , isolated, and then incubated (-4 mg/ml protein) with excess free polysomes (-1 mg/ml RNA) at 25°C (0). Untreated rough membranes were also incubated with free polysomes as a control (0). at Fig. 3 The sex-specificity of association in vitro between free polysomes and degranulated rough membranes from rat liver. Conditions as described in legend offigure 2.
will re-bind polysomes from the same, but not the opposite sex. Before considering this sex specificity in detail we shall consider the nature of the differences between smooth and degranulated rough membranes. It is possible to prepare an ethyl acetate extract of male rough membranes which will activate both male and female smooth membranes to bind polysomes of either sex. A similar extract from male polysomes will promote the binding of female polysomes to female smooth membranes but not male polysomes to male smooth membranes. Analogous extracts from female polysomes promote the attachment of male polysomes to male membranes. These data are summarized in Williams, 1970; Sunshine, Williams, and Rabin, 1971) One, but by no means the only, possible explanation of the results is (1) that in both sexes oestradiol and testosterone are required to be simultaneously present to activate the membranes for polysome binding; (2) that polysomes and/or membranes of the female already contain oestradiol, or an equivalent material, and those of the male a substance with equivalent properties to testosterone. This explanation would, of course, be entirely consistent with the ability of the ethyl acetate extracts of polysomes to promote membrane-polysome interaction in the opposite sex. To shed further light on this problem some experiments were conducted to determine the steroid hormone requirements for the interaction of membranes with polysomes from the opposite sex. Some of these results are summarized in tables II and III. It can be seen that testosterone promotes the interaction of male membranes with female polysomes and oestradiol a similar interaction of female membranes with male polysomes.
It seems clear from the work described above that steroid hormones (or equivalent materials extracted from polysomes or membranes) are required for membrane-polysome interactions to occur. The requirements are sex-specific and are for oestradiol (or equivalent material extracted from female polysomes) in the male and testosterone (or equivalent material extracted from male polysomes) in the female. The crossed-sex experiments suggest there may also be a requirement for the other hormone, although this possibility cannot yet be tested experimentally in the interaction of membranes with polysomes from the same sex, because the male and female polysomes already contain, respectively, (Blyth, Freedman, and Rabin, 1971) . Figure 5 shows the binding curves obtained for the interaction of oestradiol with male smooth and degranulated rough membranes. There are some quite profound differences between the two types of membrane. The smooth membranes have sites at which the hormone is bound very tightly (region A-B, we shall call these 'tight sites') and which can be saturated; at higher hormone concentration (region B-C) there is an almost linear partitioning of the hormone between the membranes and solution. At (Blyth, Cooper, Roobol, and Rabin, 1972) . It is presumably for this reason that degranulated membranes interact with ribosomes of the same sex without the necessity for the addition of a hormone.
We have also investigated the effects of a range of carcinogenic and other substances on the interaction of membranes with steroids and polysomes. Our earlier experiments showed that the hepatotoxin and carcinogen, aflatoxin B1, will directly degranulate the rough endoplasmic reticulum by irreversible interaction with the membranes . Figure 8 shows the degranulating effect for both male and female membranes as measured by assaying the 'rearrangase' enzyme. The results have been confirmed by direct measurements of RNA attached to the membranes . If the carcinogen is acting by interfering with a site on the membrane which binds steroid hormones, then it is -400 X400 30 300-
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'<200~200-100 K < 100 ------to be expected that the appropriate hormone will protect the membrane against the degranulating effects of the carcinogen. This is indeed observed, as shown in fig 8 and , again, the protection is sex specific: oestradiol protects male and testosterone female membranes. Aflatoxin B1 also destroys the (Orrenius, 1965) . The absolute requirement for NADPH, the partial inhibition by alternative substrates, and the complete inhibition by CO and the P450 specific inhibitor-SKF 525A-all point to this conclusion. Similarly the complete inhibition of the overall degranulation by low concentrations of oestradiol strongly suggest that it is thesteroid-specific site, responsible for maintaining with another carcinogen, ethionine (Williams, Rabin, and Kisilevsky, 1972) , also showed substantial degranulation of rough reticular membranes. Unlike aflatoxin, ethionine produces a lesion in the ribosomes which makes them incapable ofinteracting with membranes from control animals. The membranes from ethionine-treated animals still retain ribosomebinding sites and will interact, under appropriate conditions, with ribosomes from control animals. Ethionine is the only compound discovered so far in which the ribosomes, rather than the membranes, are damaged by a carcinogen. 
